We established the Hirosaki small-eye rat (HiSER), which have small, opaque eyes transmitted in an autosomal recessive manner, from our stock of Sprague-Dawley rats (SDRs). HiSERs show massive and progressive disorganization of the eye structures, including disruption and involution of the lens and detachment and aggregation of the retina. Rudimentary ciliary muscle and inflammatory cell infiltration in the vitreous are also observed. In HiSERs, the last three exons (exons 4-6) of the Cryba1 gene, encoding A3/A1-crystallin on chromosome 10, is deleted. As a consequence, the Nufip2 gene, located downstream of the Cryba1 gene in the opposite direction, is juxtaposed to exon 3 of the Cryba1 gene. In HiSER eyes, a chimeric transcript is expressed containing exons 1-3 of the Cryba1 gene and a sequence derived from the 3'UTR of the Nufip2 gene. Irrespective of the presence of the chimeric transcript, neither mutant nor normal A3/A1-crystallin proteins are detected in HiSER eyes. On the other hand, the expression level of the Nufip2 gene is decreased in HiSER eyes. Because it is known that A3/A1-crystallin is expressed in the lens and retina, and the Nufip2 gene is expressed in the central nervous system, it is hypothesized that the disappearance of A3/A1-crystallin and, in addition, downregulation of the Nufip2 gene are causal reasons of the HiSER phenotype. So far, several animals with functional disruption of A3/A1-crystallin and, in humans, cataract patients with mutation of the Cryba1 gene, have been reported. In addition to these familiar phenotypes observed in both animal models and patients, HiSERs exhibit unique characteristics presumably due to its distinct genotype. HiSERs may provide a good opportunity for investigation of the functional roles of Cryba1 and Nufip2 in ocular development, and may become a useful animal model of lens and retinal degenerative disorders.
Introduction
The eye contains many structures derived from a variety of origins. For example, the lens and retina originate from the surface ectoderm and neural ectoderm of the forebrain, respectively. Abrogated function of structural and/or regulatory proteins disturbs ocular development, structure, and function. The predominant ocular proteins, crystallins, have been shown to play a role in cellular functions in ocular structures outside the lens, in which they function as structural proteins. We have established a new mutant rat strain with small and opaque eyes, and named it the Hirosaki small-eye rat (HiSER) [1] . HiSERs show disruption and involution of the lens, and detachment and aggregation of the retina. In HiSER eyes, the A3/A1-crystallin protein, which is reported to be expressed in the lens and retinal astrocytes of normal eyes [2] , is not expressed due to partial deletion of the Cryba1 gene. In this brief article, we introduce the characteristics of HiSER and discuss the possible utilization of HiSER in the future.
RESEARCH HIGHLIGHT

Establishment of HiSER
In June 2012, two animals showing small eyes with opacity were born in the same litter in our stock of Sprague-Dawley rats (SDRs). Because they were male and female, we crossed them and established a mutant rat strain with small opaque eyes (Fig. 1A) , and named it "Hirosaki small-eye rat (HiSER)" after our university, Hirosaki University. By crossing HiSERs with each other or HiSERs with SDRs, we showed that the small opaque eyes are transmitted in an autosomal recessive manner, and six months of observation revealed that the opacity becomes more severe with age.
The HiSER phenotype
The characteristics of the HiSER are shown in Table 1 .
HiSERs show massive and progressive structural disorganization of the lens and retina. The lens is disrupted and sometimes appears to be ruptured, which leads to its involution and disappearance (Fig. 1B) . In the retina, the thickness of the inner neuroblastic layer increases soon after birth, and that of the inner nuclear layer also increases after the inner and outer nuclear layers are generated. However, the distribution of three types of neuronal cells, amacrine, horizontal, and bipolar cells, in the inner nuclear layer remain undisturbed. The retina shows progressive detachment, which leads to its aggregation (Fig. 1B) . Glial cells, such as astrocytes, are major constituents of the retina. In the HiSER retina, staining of the glial cell marker glial fibrillary acidic protein (GFAP) is not observed in the ganglion cell layer (GCL), suggesting that the astrocytes located in the GCL are damaged or absent. In addition to the lens and retinal abnormalities, HiSERs show hyperplasia of the iris, underdevelopment of the ciliary muscle, and infiltration of cells, likely inflammatory cells, in the vitreous.
So far, several mutant animals with abnormal eyes and Cryba1 gene mutation have been reported. In Table 1 , two examples are shown; one is a spontaneously mutated rat strain, Nuc1 [2, 3] , and the other is an ENU-induced mutant mouse [4] . Although the abnormalities of HiSERs are similar to those of Nuc1 rats, some of the abnormalities appear to be much more prominent and severe. In Nuc1 rats, functional abnormalities of the eye have also been reported, such as impaired function of rod photoreceptors possibly due to decreased levels of rhodopsin kinase 1 and impaired vascularization in the retina due to functional loss of astrocytes, in which the mutated A3/A1-crystallin protein is expressed (Table 1) [2, 5] . Whether HiSERs show such abnormalities remains to be elucidated. It is also reported in Nuc1 rats that the abrogation of A3/A1-crystallin function leads to disruption of Notch signaling in astrocytes [2, 6] . In HiSER eyes, expression levels of the Notch target genes, Hes1 and Hey1, are not decreased (unpublished observations), suggesting that disruption (if at all) of the signaling pathway is not as severe as in Nuc1 rats.
The HiSER genotype
By using genetic linkage analysis and microarray analysis, we identified the Cryba1 gene on chromosome 10 as a causative gene of the HiSER phenotype. Subsequent analysis of genomic DNA revealed that the Cryba1 gene in HiSERs have a deletion of an approximately 3600 bp region containing exons 4-6. As a consequence, the Nufip2 (nuclear fragile X mental retardation protein interacting protein 2) gene, located downstream of the Cryba1 gene in the opposite direction, is juxtaposed to exon 3 of the Cryba1 gene (Fig. 2) . In HiSER eyes, a chimeric Cryba1 mRNA, containing exons 1-3 of the Cryba1 gene and an additional sequence from two regions of the 3'UTR of the Nufip2 gene, is expressed (Fig.  2) . Interestingly, although mutant mRNA is produced, neither normal nor mutated A3/A1-crystallin protein is present in HiSER eyes, suggesting that the HiSER may be regarded as Cryba1-null animal. In addition, expression of the Nufip2 gene is downregulated in HiSER eyes possibly due to deletion of the 3' regulatory element(s).
In Nuc1 rats, an in-frame insertion of 27 bp DNA in exon 6 of the Cryba1 gene leads to loss of function of the A3/A1-crystallin protein [2, 7] . In ENU-treated mice, a T to A substitution in exon 6 of the gene also abrogates A3/A1-crystallin function [4] .
Uniqueness of HiSERs
One marked difference between HiSERs and Cryba1-mutant animals, as shown in Table 1 , is the autosomal recessive mode of inheritance of the HiSER phenotype, which is in contrast to the autosomal semi-dominant manner observed in the other animals. In humans, congenital cataracts associated with Cryba1 mutation have been reported [8] [9] [10] . Frequently observed genetic changes in these patients are single amino acid deletions due to 3-base-pair deletions and base substitutions in splice sites, and transmission of cataract in many cases is, in contrast to HiSERs, autosomal dominant. Considering the absence of mutant A3/A1-crystallin protein in HiSER eyes together with the knowledge that A3/A1-crystallin forms self-and hetero-oligomers with other -crystallins [11] , heterozygous HiSER and SDR animals exhibit normal eyes because a dominant-negative effect of the mutant protein is not be expected.
Some of the more severe HiSER characteristics have not been reported in Nuc1 rats or ENU-induced mutant mice (Table 1) . One possible reason for such phenotypes in HiSERs is the decreased expression of the Nufip2 gene in HiSER eyes. This gene is thought to be implicated in the development and function of the eye because it has been shown to be expressed in the central nervous system [12] . Another possible reason may be the presence of CAG repeats in the mutant mRNA. CAG repeats in mRNA are known to exert toxicity and provoke diseases through sequestration of splicing factors and disrupting the splicing of other mRNAs, irrespective of translation of the CAG-containing mRNA [13] .
Future directions of HiSER research
Given that the HiSER is a A3/A1-crystallin-null animal, HiSERs may provide a good opportunity for investigation of the functional roles of A3/A1-crystallin in ocular development and function without the need to pay attention to the dominant-negative effects of the mutant protein.
Further, it is now accepted that crystallins are expressed to perform important roles not only in the eye, but also in other tissues [14, 15] . If A3/A1-crystallin is normally expressed in tissues other than the eye, detailed investigation of HiSERs will provide us knowledge of the roles of A3/A1-crystallin outside of the eye, although no such abnormalities have been observed so far. Similarly, HiSERs may also provide insight into the functional roles of the Nufip2 gene in eye generation and function.
Finally, HiSER may possibly be suitable as a model animal of human ocular diseases. Age-related macular degeneration (AMD) is one of the main causes of vision loss in developed countries. In AMD, degeneration of the retinal pigment epithelium (RPE), which is provoked by impaired lysosome function in the RPE, leads to AMD-specific characteristics such as drusen formation and growth of new vessels [16] [17] [18] . A3/A1-crystallin has been shown to be expressed in the lysosomes of the RPE, and is thought to be involved in phagocytosis and autophagy [19, 20] . Because HiSERs are devoid of A3/A1-crystallin protein in the eyes, it is predicted that the HiSER RPE also lacks the protein, leading to diminished function. Thus, it may be useful to establish HiSERs as a novel model animal of AMD. The authors have declared that no competing interests exist.
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